(7) apparently active transport of Na and K in opposite directions has been observed. Because active Na efflux takes place only during K influx it has been suggested that the two processes are coupled (mutually dependent) (9, 10, 13, 16) . Whether or not coupling occurs bears some significance to the mechanism of such active transport.
Combination of the ion to be transported with some membrane-associated substance, a carrier, has been generally implicated by previous transport studies. And further, when it has been investigated in detail (8) , it appears that the carriers for K and Na are not identical. Therefore coupling between the transport of these ions might indicate (a) that a single carrier was operating with different sites for K and Na; (b) that the carrier system changed its specificity for K or Na depending upon the direction of transport; or (c) that the carrier systems for each ion were processed at some level by identical enzyme systems. A final possibility is that only one of these ions is actively transported, and that the other moves passively, even against a concentration or electrical gradient, in response to the transport system.
The experiments to be reported were designed to test the apparent coupling between Na extrusion and K accumulation in Porphyra, assuming that K and Na transport could be obligately coupled, facultatively coupled, or independent. The possibility of Li transport was also investigated.
M e t h o d s
Porphyra perforata plants were collected during September, October, and November, 1958, 2 miles north of the Los Angeles-Ventura County boundary from rocks at the 3 to 3.5 foot tide level. The plants were found to be most abundant when protected from direct sunlight. They were returned to the laboratory and kept in flowing sea water provided by a small (15 gallon) circulating system, with 12 hours of illumination per day provided by two 40 watt fluorescent lamps at a distance of 30 cm. The laboratory was maintained at 20 ° ± 2°C.
For use, discs were cut from the blades with a 2 cm. cork borer. The discs were aerated in the experimental solutions, as indicated in the respective experiments, or agitated on a rocking shaker.
For analysis discs were removed from experimental solutions, dipped 2 minutes in 0.9 ra sucrose, blotted twice with absorbent tissue, weighed, and placed in I0 ml. 5 per cent trichloracetic acid. These extracts, containing tissue electrolytes, were analyzed for Na, K, and Li by flame photometry.
The following artificial sea waters were used: (1) K-free Na-sea water (NaC1 0.5 M, MgSO4 0.027 ra, MgCI~ 0.027 ra, CaC12 0.01 M, tris hydroxymethylaminomethane buffer, pH 7.8, 0.05 ~a); (2) K-free Li-sea water (LiC1 0.5 M, MgSO4 0.027 M, MgC12 0.027M, CaCI20.01 M, and tris buffer 0.05 M);and (3) K-free Mg-sea water (MgCI20.5 Eq./liter, MgSO4 0.027 M, CaC12 0.01 M, and tris buffer 0.05 ra). KC1 was added to these solutions to give 0.025 M K, a concentration which supports near maximal rates of K accumulation in Porphyra.
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FROM LI'--SEA WATER Maizels (16) reported that erythrocytes were depleted of Na by cold storage in LiC1 solutions. Such cells, when subsequently incubated at 37°C. with glucose, failed to extrude the Li gained and showed a subnormal ability to take up K. Porphyra tissues rendered high in Li and low in K and N a (by 24 hour exposure to K-free Li-sea water) were likewise unable to extrude the Li gained or to reaccumulate lost K. Although Maizels considered the effects in erythrocytes to re- flect the decrease in external Na, it also seemed possible that long exposure to Li solutions might cause injury in Porphyra, and that high Li, low K tissues might extrude Li and reaccumulate K if shorter Li exposures were employed. Advantage could be taken of the fact that K efflux in K-free sea waters proceeds much more slowly than exchange of cell Na for Li. Consequently, tissues were soaked in K-free Na-sea water for 44 hours, which renders them low in K and high in Na, but apparently causes little injury (such tissues are able to reaccumulate K and respire at typical rates). They were then placed in K-free Li-sea water for periods up to 4 hours, then KC1 was added to 95 m.eq./liter and subsequent K, Li and N a contents were followed. Results from a typical experiment are shown in Fig. 1 .
Here KC1 was added after 1 hour in K-free Li--sea water. At this time considerable Na remained in the tissue. Presumably this Na is cellular, the extracellular N a exchanges for Li within 10 minutes. Apparent from Fig. 1 are a rapid net accumulation of K, a rapid loss of Na, and a relatively constant Li content, following addition of KC1. There is no net Li extrusion, although K accumulation takes place at near maximal rates. It is fair to ask whether the experiment represents K accumulation in the absence of concomitant N a or Li extrusion. Certainly Na is leaving the tissue with the concentration gradient, but possibly via the same mechanism as is involved in net extrusion against the concentration gradient, but without a requirement for metabolic energy. Thus the experiment demonstrates only the external sodium in appreciable concentration is not required for K accumulation, as in Ulva (18) , and suggests that earlier results, which showed a failure of K accumulation in Li-sea water, were most likely due to Liinduced injury.
To more critically test the obligate coupling question tissues were soaked in K-free Na-sea water 44 hours as before, but tissue Na was allowed to fall in K-free Li-sea water to a negligible level before KC1 was added ( Fig. T 
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T i s s u e s were first a g i t a t e d 44 h o u r s in K -f r e e N a -s e a water. C o n t e n t s represent averages of d u p l i c a t e or triplicate samples. U n i t s m i l l i e q u i v a l e n t s per k i l o g r a m fresh w e i g h t
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K-free Na--sea K-free l.,i-sea K-free Li--sea Table I , Exps. 1, 3, and 4). In these experiments K accumulation takes place but there is little change in Na and Li content. Clearly, K may be accumulated by Porphyra tissues without a net efflux of Na or Li. Thus it seems that coupling between Na or Li efflux and K accumulation is not obligatory.
K A C C U M U L A T I O N FROM MG--SEA W A T E R
Experiments similar to those above were performed with Mg-sea water in place of Li-sea water. Tissues were soaked in K-free Na--sea water 44 hours, then placed in K-free Mg-sea water. KC1 (25 m.eq./liter) was added initially or up to 3 hours later (Table  II) . Again K accumulation is evident regardless of whether any further loss of Na takes place. Just as in Li-sea water, tissues in Mg--sea water contain little Na after 3 hours (Table II, Experiment 3) . What ions move in or out as K enters, to maintain eleetroneutrality, are unknown. Little change in cell volume is apparent, however, from weights of discs of equal size.
INITIAL EXCHANGE OF ADSORBED NA Comparison of Li gain and Na loss in Li-sea water with time (Table III) place in the extracellular galactan sulfate surrounding the cells. Normally some 50 m.eq./kg, fresh weight of Na is adsorbed to this material. The figure is variable between 35 to 70 m.eq./kg. One verified reason for the variability is that the proportion of cellular to extracellular material varies seasonally (7) . Another likely possibility is that the sulfate content of the galactan sulfate varies, thus altering the number of extracellular binding sites. Currie (4) has reported that agar from different localities varies in sulfate content. It seems unlikely that the galactan sulfate plays any role in Na and K transport across the permeability barrier of the cells, although this point would be difficult to demonstrate experimentally. The significance of the material may lie in its rubbery texture, protecting the cells from wave buffeting and sand scouring, as well as cementing the cells together.
T A B L E I I I E X C H A N G E O F L I T H I U M F O R S O D I U M I N P O R P H Y R A P E R F O R A T A T I S S U E S O N E X P O S U R E T O L i -S E A W A T E R , I N T H E P R E S E N C E A N D A B S E N C E O F K C I KC1 25 m , e q . per liter, U n i t s m i l l i e q u i v a l e n t s per k i l o g r a m
LOSS OF CmLLULAg NA After the initial exchange, tissues in Li-sea water or in Mg-sea water continue to lose Na slowly. The Na effiux is speeded by the presence of K (Table III) , and Li influx takes place to a lesser extent in the presence of K than without K. It was noted earlier (7) that net Na extrusion against the concentration gradient takes place only in the presence of K, and that K facilitates Na efflux in the squid giant axon (13) and in toad nerves after anoxia (19) . If Na loss, with the concentration gradient, is speeded by K it might be suggested that Na efflux takes place via the same route regardless of any demand for metabolic energy. Heinz and Walsh (11) report that exchange diffusion and active transport of glycine in Ehrlich's carcinoma cells may also occur with the operation of identical membrane mechanisms, the latter requiring an expenditure of energy. It thus appears that the Na effiux mechanism in Porphyra may be studied separately from the energy-supplying reactions.
Similar systems have been studied previously. They include Conway's Na rich yeast which "secretes" Na into tap water (3) and the observations of Scott and Hayward (17) on metabolically mediated isotopic K exchange in the green alga, Ulva. Perhaps the clearest distinction between catalyzed penetration of the permeability barrier and active transport has been made by Cohen and Monod (2) in their studies of bacterial permeases. According to their concepts one might expect cells to possess constitutive enzyme(s) for catalyzing the transport of ions across the permeability barrier. Active transport would be performed only when the system was coupled with an energy source.
It was noted (Fig. 3) that Na effiux into Li-sea water is not only speeded by K, but that rates of efflux seem to be directly proportional to tissue Na content. No saturation of rates is evident with tissue Na as high as 40 m.eq./kg. fresh weight. Since the cells occupy only about one-half of the tissue volume this Na content would be roughly equivalent to 80 to 90 m.eq./liter cell water. Rates of K accumulation show saturation of rates with K concentra-
t.ions above 25 m.eq./liter in the bathing solution. O n e must conclude that either the Na efflux mechanism, in this case, is not of the carrier type or that the number of Na sites on the carrier is large. This observation raises the question of whether Na efflux against the concentration gradient is also linear with the tissue Na content. Data from experiments previously reported (7) were plotted as in Fig. 3 and no tion of rates was evident with tissue Na contents up to 60 m.eq./kg, fresh weight. These data are not conclusive, however, because only net flux was determined and concurrent rates of influx and effiux were not measured. DO PORPHYRA CELLS EXTRUDE LI? It is apparent from the results shown in Table III that the presence of K prevents Li gain from taking place to the extent to which it occurs without K. There may be some active effiux of Li, or more likely, Li may enter in exchange for cellular Na in the absence of K but not in its presence. Comparison of the amounts of Li gained with those of Na lost in the absence of K suggests the latter possibility. Although unidirectional transport of Li takes place in frog skin (21) it is not clear that Li is transported in Porphyra.
D I S C U S S I O N
Because K accumulation can occur in Li--sea water without Na extrusion or in Mg-sea water without either Na or Li extrusion it seems likely that K accumulation is not obligately coupled to a "sodium pump." However, the possibility of facultafive coupling remains. And in fact the present data do not rule out the possibility of entirely independent K accumulation and Na extrusion mechanisms. Inhibitors said to specifically block K accumulation or Na extrusion in other tissues (3, 18) have resulted in either no effect on either process, or more commonly, inhibition of both processes in Porphyra (6) . Thus the evidence for independent mechanisms is scanty. At this point the concept of facultative coupling seems the more attractive.
Alternatively, instead of considering K accumulation and Na extrusion both as active and facultatively interdependent processes, one may consider only one of these as an active process, the other as a passive result of the active one. Traditionally Na extrusion (the Na pump) has been considered the active process and K accumulation, if not an active process in itself, then the passive result of Na extrusion. However, the opposite concept better fits the results obtained with Porphyra. It has been possible to demonstrate active accumulation of K in the absence of Na extrusion, or external Na, but Na extrusion against the concentration gradient has only been observed during K accumulation. As Shanes has stated (19) "extrusion of sodium can be shown to be dependent upon metabolism. (It) requires extracellular potassium probably because it is linked with active potassium influx. These and other observations suggest that sodium extrusion may be largely secondary to potassium uptake."
Before comparing Na and K transport in Porphyra with that in other cells and tissues some review seems warranted. Because the cells lack a central vacuole, transport in Porphyra involves movement across only one permeability barrier (which, in spite of evidence for higher plants that part of the cytoplasm is free to diffusion (1), I consider to be the plasma membrane). Thus the cells are quite different from those of higher plant roots and storage tissues, and coenocytic algae. Further, like higher plants (12), transport is not evident during anoxia. It may be tentatively assumed that glycolysis alone does not support K and Na transport.
Transport in Porphyra may thus be compared to that in other non-vacuolated cells, or vacuolated cells in which ion movements across the plasmalemma may be differentiated from those across the tonoplast, as in Witellopis (15) , and in which there exist no glycolysis-generated pumps. Comparison may cross the somewhat artificial animal-plant distinction. In fact, K and Na transport in Porphyra seems more like that in the squid giant axon (13) and in vertebrate desheathed nerve (19) than in any other cells or tissues. To a limited degree the results with Porphyra are comparable to those obtained with human erythrocytes because in both cases transport appears to be involved, however indirectly, with ATP (20) . In view of such comparisons, it is perhaps not surprising that coupling to some extent has been proposed for erythrocytes (9, 10, 16) , squid giant axons (13), and desheathed toad nerve (19) , as well as for Porphyra (7) .
The present results are not comparable with those obtained in studies of "unidirectional active transport," as in frog skin, but may be representative of ceils displaying what Huf (14) terms "maintenance electrolyte equilibrium."
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